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CROSSLINKABLE ELASTOMERIC COMPOSITION AND TIRE FOR 

VEHICLE WHEELS COMPRISING THE SAME 

DESCRIPTION 

Background of the invention 

The present invention relates to a crosslinkable elastomeric composition. 

More particularly, the present invention relates to a crosslinkable elastomeric 
composition comprising at least one vulcanized rubber in a subdivided form. 

The present invention moreover relates to a tire for vehicle wheels comprising at 
least one structural element obtained by crosslinking a crosslinkable elastomeric 
composition as defined above. • 

In a further aspect, the present invention also relates to a crosslinked manufactured 
jproduct obtained by crosslinking a crosslinkable elastomeric composition as defined 
above. 

In a still further aspect, the present invention also relates to a process for 
manufacturing said crosslinkable elastomeric composition. 

Prior art 

The increased production of industrial rubber products has resulted in the 
accumulation of large amounts of rubber wastes which are generally disposed in 
dedicated landfills with the main drawbacks of environment pollution as well as of the 
need for large dedicated areas for storing said wastes. 

It is known in the art to depolymerize waste rubber, such as tires, in an effort to 
reduce the volume of waste and obtain a useful byproduct Likewise, rubber product 
may be devulcanized in an attempt to recycle the waste rubber. 

In addition to these techniques, if is common in the art to grind the waste rubber 
and utilize the ground particles so obtained. These ground particles are then typically 
compounded with other polymeric materials in order to make final products which may 

be employed in a plurality of applications. 

• <« . 
*.* 

It is already known in the art to use said ground particles as an ingredient of 
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crosslinkable elastomeric compositions. However, the crosslinked article obtained from 
said elastomeric compositions generally show a significant deterioration of their 
mechanical properties. 

Many efforts have been made in the art in order to improve the mechanical 
5 properties of the above disclosed articles. 

For example, Patent US 2,378,717 relates to a process for reusing vulcanized 
scrap synthetic rubber comprising a vulcanizate of a copolymer of butadiene- 1,3 with a 
lower amount of an unsaturated organic compound selected from the class consisting of 
acrylonitrile and styrene, which comprises: grinding said vulcanized scrap synthetic 
1 0 rubber; mixing it with an unvulcanized copolymer of butadiene- 1 ,3 with a lower amount 
of an unsaturated organic compound selected from the class consisting of acrylonitrile 
and styrene; and vulcanizing the mixture. The obtained vulcanized mixture is said to 
have properties equal and in some cases even higher, with respect to the properties of 
the vulcanized mixture not containing vulcanized scrap synthetic rubber. 

15 International Patent Application WO 88/02313 relates to a vehicle tire having a 

tread portion which comprises the molded and cured product of a rubber molding 
composition containing from about 20% by weight to about 80% by weight, preferably 
from about 35% by weight to about 75% by weight, of a treated particulate rubber 
material comprising cured rubber particles which have been surface-treated with a 

20 liquid, sulfur-curable polymeric binder having ethylenic unsaturation and which is 
soluble in benzene, hexane or both, the binder softening the cured rubber particle 
surfaces to which it is applied. Homopolymers and copolymers of 1,4-butadiene and 
substituted butadienes are preferred as the liquid polymeric binder. Said treated 
particulate rubber material is blended with a virgin stock rubber. The above mentioned 

25 tread is said to have a wear resistance which is at least as good as and often better than 
the wear resistance of a tread made from virgin rubber molding stock. However, the 
hardness, tensile strength and elongation of the above mentioned tread were adversely 
affected by the addition of said treated particulate rubber material. 

Patent US 5,844,043 relates to a free-flowing granular crosslinkable composition 
30 made of recycled rubber granules, rubber and oil. More in particular, said crosslinkable 
composition consists essentially of 100 part by weight of vulcanized rubber granules 
intimately mixed and coated with 3-35 parts by weight of a solution of unvulcanized 
polyoctenamer dissolved in oil, at a temperature below the decomposition temperature 
of the unvulcanized polyoctenamer, and an effective amount of a vulcanizing agent. The 
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above mentioned crosslinkable composition is said to be easily press-molded into 
molded bodies having good mechanical and elastic properties. Said crosslinkable 

composition is said to be useful, for example, for the manufacturing of floor coverings 

» 

and extrudates. 

■ 

i 

5 European Patent Application EP 1,031,440 relates to a pneumatic tire having a 

rubber sidewall composition comprising: (a) from 5 to 50 parts by weight of a recycled 
rubber which has an individual particle size no greater than 420 mm; (b) from 0.1 to 5 
parts by weight per 100 parts by weight of recycled rubber of S^'-tetrathiodipronic 
acid; and (c) 100 parts by weight of at least one additional rubber selected from the 
1 0 group consisting of at least one of natural and/or synthetic cis- 1 ,4-polyisoprene rubber, 
cis-l,4-polybutadiene rubber, styrene/butadiene copolymer rubber, 
styrene/isoprene/butadiene terpolymer rubber, ethylene/propylene/diene copolymer 
(EPDM) rubber, acrylonitrile/butadiene copolymer rubber and 3,4-polyisoprene rubber. 
The above mentioned composition is said to have good mechanical properties. 

15 Patent US 6,265,454 relates to a tire component rubber formulation, said 

formulation comprising rubber and additives and having blended therein up to about 50 
parts by weight of recycled cured ground tire rubber particles based upon 1 00 total parts 
by weight of said tire component rubber formulation and said recycled cured ground 
rubber particles, wherein said recycled cured ground rubber particles replace a partial 

20 amount of said tire component rubber formulation, and wherein said recycled cured 
ground tire rubber particles have a size of 90 U.S. Standard Mesh or smaller. The 
ground particles generally replace equivalent amounts of rubber and additives (such as 
carbon black and oil). The above mentioned tire component is said to maintain good 
physical properties. 

25 Patent US 6,407,180 relates to a process for preparing a sulfur vulcanized rubber 

composition comprising: (A) homogeneously blending a pre-formed composite of 
carbon biack and tris(2-aminoethyl) amine, with a particulate, sulfur pre-vulcanized 
rubber (e.g. recycled cured rubber) to form a treated vulcanized rubber composition 
thereof; (B) mixing about 40 parts by weight of said treated pre-vulcanized rubber 

30 composition with 100 parts by weight of at least one unvulcanized rubber to form a 
rubber composition blend comprising said unvulcanized rubber and said treated pre- 
vulcanized rubber; (C) heating said rubber composition blend for a time sufficient and at 
a suitable temperature to vulcanize the unvulcanized rubber composition contained 
therein. The invention alsQ relates -to articles of manufacture, including tires, which have 
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at least one component comprising said rubber composition. The above mentioned 

* *■ 

rubber composition is said to have accelerated cure rates at lower than conventional 
temperatures. 

Summary of the invention 

5 The Applicant has now found that it is possible to obtain crosslinkable elastomeric 

compositions capable of being used advantageously in the production of crosslinked 
manufactured products, in particular in the production of tires, by using a vulcanized 
rubber in a subdivided form which has been surface treated with a silane coupling agent. 
In this way, it is possible to obtain crosslinked manufactured products having good 
1 0 mechanical properties, in particular stress at break and tensile modulus. 

More in particular, the Applicant has observed that said crosslinked manufactured 
products show improved mechanical properties, in particular stress at break and tensile 

4 

modulus, with respect to those of crosslinked manufactured products obtained from 
compositions in which the vulcanized rubber is used as such (i.e. not surface-treated 
1 5 vulcanized rubber). 

* 

Moreover, the Applicant has also observed that said crosslinked manufactured 
products show an improved abrasion resistance. 

Furthermore, the Applicant has observed that the crosslinkable compositions of 
the present invention show good processability and vulcanization behavior, as shown 
20 e.g. by Mooney viscosity ML(l+4) and MDR (Moving Die Rheometer) rheometric 
analysis. 

According to a first aspect, the present invention relates to a crosslinkable 
elastomeric composition comprising: 

«. 

at least one vulcanized rubber in a subdivided form surface treated with at least 
25 one silane coupling agent; 

at least one diene elastomeric polymer; 

at least one sulfur-based vulcanizing agent. 

According to a second aspect, the present invention relates to a tire for vehicle 
wheels, comprising at least one structural element obtained by crosslinking a 
30 crosslinkable elastomeric composition comprising: 
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at least one vulcanized rubber in a subdivided form surface treated with at least 
one silane coupling agent; 

at least one diene elastomeric polymer; 

at least one sulfur-based vulcanizing agent 

5 According to one preferred embodiment, the present invention relates to a tire for 

vehicle wheels, comprising: 

a carcass structure shaped in a substantially toroidal configuration, the opposite 
lateral edges of which are associated with respective right-hand and left-hand bead wires 
to form respective beads; 

10 - a belt structure applied in a radially external position with respect to said carcass 
structure; 

a tread band radially superimposed on said belt structure; 

a pair of sidewalls applied laterally on opposite sides with respect to said carcass 
structure; 

* 

15 wherein said structural element obtained by crosslinking a crosslinkable elastomeric 
composition comprising: 

at least one vulcanized rubber in a subdivided form surface treated with at least 

one silane coupling agent; 

■ 

at least one diene elastomeric polymer; 
20 - at least one sulfur-based vulcanizing agent; 
is the tread band. 

■ 

According to a further aspect, the present invention relates to a crosslinked 
manufactured product obtained by carosslinking a crosslinkable elastomeric composition 
as defined above. 

4 

25 According to a further aspect, said invention relates to a process for producing a 

crosslinkable elastomeric composition comprising the following steps: 
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(a) surface treating at least one vulcanized rubber in a subdivided form with at least 
one silane coupling agent; 

(b) mixing the surface treated vulcanized rubber in a subdivided form obtained in step 
(a) with at least one diene elastomeric polymer; 

5 (c) adding to the crosslinkable elastomeric composition obtained in step (b) at least 
one sulfur-based vulcanizing agent 

Preferably, step (a) is carried out at a temperature of from 50°C to 150°C, more 
preferably from 75°C to 1 10°C. 

Preferably step (a) is carried out for a time of from 5 min to 30 min, more 
1 0 preferably from 8 min to 20 min. 

Preferably, said vulcanized rubber in a subdivided form is heated at a temperature 
of from 50°C to 150°C, more preferably from 75°C to 110°C, before the addition of the 
silane coupling agent. 

Preferably, step (b) is carried out at a temperature of from 100°C to 180°C, more 
1 5 preferably from 120°C to 160°C. 

Preferably, step (b) is carried out for a time of from 2 min to 30* min, more 
preferably from 4 min to 20 min. 

Preferably, step (c) is carried out at a temperature of from 80°C to 120°C, more 
preferably from 1 00°C to 1 1 0°C. 

20 Preferably, 1 step (c) is carried out for a time of from 2 min to 30 min, more 

preferably from 4 min to 20 min. 

. The vulcanized rubber in a subdivided form which may be used in the present 
invention may be obtained by grinding or otherwise cornminuting any source of 
vulcanized rubber compound such as, for example, tires, roofing membranes, hoses, 

25 gaskets, and the like, and is preferably obtained from reclaimed tires using any 
conventional method. For example, the vulcanized rubber in a subdivided form may be 
obtained by mechanical grinding at ambient temperature or in the presence of a 
cryogenic coolant (i.e. liquid nitrogen). Any steel or other metallic inclusions should be 
removed from the ground tires before use. Since the material of the present invention is 

30 preferably fiber-free, all fibrous material such as, for example, tire cord fibers, is 
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preferably removed from the ground rubber using conventional separation methods. 

— 

According to one preferred embodiment, the vulcanized rubber in a subdivided 
form which may be used in the present invention, is in the form of powder or granules 
having a particle size not higher not higher than 5 



Mill 



5 According to a more preferred embodiment, the vulcanized rubber in a subdivided 

form which may be used in the present invention, has a particle size not higher than 1 
mm, preferably not higher than 0.5 mm. 



According to one preferred embodiment, the vulcanized rubber in a subdivided 
form is present in the crosslinkable elastomeric composition of the present invention in 
10 an amount of from 2 phr to 90 phr, preferably from 5 phr to 30 phr. 

For the purposes of the present description and of the claims, the term "phr" 
means the parts by weight of a given component of the crosslinkable elastomeric 
composition per 100 parts by weight of the diene elastomeric polymer. 

According to one preferred embodiment, the vulcanized rubber in a subdivided 
15 form which may be used in the present invention, may comprises at least one 
crosslinked diene elastomeric polymer or copolymer which may be selected from those 
commonly used in sulfur-crosslinkable elastomeric compositions, that are particularly 
suitable for producing tires, that is to say from elastomeric polymers or copolymers with 
an unsaturated chain having a glass transition temperature (Tg) generally below 20°C, 
20 preferably in the range of from 0°C to -1 10°C. These polymers or copolymers may be of 
natural origin or may be obtained by solution polymerization, emulsion polymerization 
or gas-phase polymerization of one or more conjugated diolefins, optionally blended 
with at least one comonomer selected from monovinylarenes and/or polar comonomers 
in an amount of not more than 60% by weight. 

25 * The conjugated diolefins generally contain from 4 to 12, preferably from 4 to 8 
carbon atoms, and may be selected, for example, from the group comprising: 1,3- 
butadiene, isoprene, 2,3-dimethyl-l,3-butadiene, 1,3-pentadiene, 1,3-hexadiene, 3-butyl- 
1,3-octadiene, 2 phenyl-l,3-butadiene, or mixtures thereof. Monovinylarenes which 
may optionally be used as comonomers generally contain from 8 to 20, preferably from 

30 8 to 12 carbon atoms, and may be selected, for example, from: styrene; 1- 
vinylnaphthalene; 2-vinylnaphthalene; various alkyl, cycloalkyl, aryl, alkylaryl or 
arylalkyl derivatives of styrene such as, for example, a-methylstyrene, 3-methylstyrene, 



WO 2005/058615 



8 



PCT/EP2003/014181 



4-propylstyrene, 4-cyclohexylstyrene, 4-dodecylstyrene, 2-ethyl-4-benzylstyrene, 4-p- 
tolylstyrene, 4-(4-phenylbutyl)styrene, or mixtures thereof. 

Polar comonomers which may optionally be used may be selected, for example, 
from: vinylpyridine, vinylquinoline, acrylic acid and. alkylacrylic acid esters, nitriles, or 
5 mixtures thereof, such as, for example, methyl acrylate, ethyl acrylate, methyl 
methacrylate, ethyl methacrylate, acrylonitrile, or mixtures thereof. 

Preferably, the crosslinked diene elastomeric polymer or copolymer may be 
selected, for example, from: cis-l,4-polyisoprene (natural or synthetic, preferably 
natural rubber), 3,4-polyisoprene, polybutadiene (in particular polybutadiene with a high 
10 1,4-cis content), optionally halogenated isoprene/isobutene copolymers, 1,3- 
butadiene/acrylonitrile copolymers, styrene/1 ,3 -butadiene copolymers, 
styrene/isoprene/1, 3 -butadiene copolymers, styrene/1 ,3-butadiene/acrylonitrile 
copolymers, or mixtures thereof. 

Alternatively, the vulcanized rubber in a subdivided form may comprise at least 
15 one crosslinked elastomeric polymer of one or more monoolefins with an olefinic 
comonomer or derivatives thereof. The monoolefins may be selected from: ethylene and 
a-olefins generally containing from 3 to 12 carbon atoms, such as, for example, 
propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, or mixtures thereof. The following 
are preferred: copolymers between ethylene and an a-olefin, optionally with a diene; 
20 isobutene homopolymers or copolymers thereof with small amounts of a diene, which 
are optionally at least partially halogenated. The diene optionally present generally 

contains from 4 to 20 carbon atoms and is preferably selected from: 1,3 -butadiene, 

» 

isoprene, 1 ,4-hexadiene, 1 ,4-cyclohexadiene, 5-ethylidene-2-norbornene, 5-methylene- 
2-norbornene, vinylnorbornene, or mixtures thereof. Among these, the following are 
25 particularly preferred: ethylene/propylene copolymers (EPR) or 
ethylene/propylene/diene copolymers (EPDM); polyisobutene; butyl rubbers; halobutyl 
rubbers, in particular chlorobutyl or bromobutyl rubbers; or mixtures thereof. 

According to one preferred embodiment, the diene elastomeric polymer which 
may be used in the present invention may be selected from those commonly used in 
30 sulfur-crosslinkable elastomeric compositions, that are particularly suitable for 
producing tires, that is to say from elastomeric polymers or copolymers with an 
unsaturated chain having a glass transition temperature (Tg) generally below 20°C, 
preferably in the range of from 0°C to -110°C, which have been already disclosed 
above. 
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Preferably, the diene elastomeric polymer or copolymer may be selected, for 
example, from: cis-l,4-polyisoprene (natural or synthetic, preferably natural rubber), 
3,4-polyisoprene, polybutadiene (in particular polybutadiene with a high 1,4-cis 
content), optionally halogenated isoprene/isobutene copolymers, 1,3- 
5 butadiene/acrylonitrile copolymers, styrene/l,3-butadiene copolymers, 
styrene/isoprene/l,3-butadiene • copolymers, styrene/1 3 3-butadiene/acrylonitrile 
copolymers, or mixtures thereof. 

The crosslinkable elastomeric composition according to the present invention may 
optionally comprises at least one elastomeric polymer of one or more monoolefins with 
10 an olefinic comonomer or derivatives thereof which have been already disclosed above. 
Among these, the following are particularly preferred: ethylene/propylene copolymers 
(EPR) or ethylene/propylene/diene copolymers (EPDM); polyisobutene; butyl rubbers; 
halobutyl rubbers, in particular chlorobutyl or bromobutyl rubbers; or mixtures thereof. 

A diene elastomeric polymer or copolymer or an elastomeric polymer selected 
1 5 from those above disclosed which has been functionalized by reaction with at least one 
suitable terminating agent or coupling agent may also be used. In particular, the diene 
elastomeric polymers or copolymers obtained by anionic polymerization in the presence 
of an organometallic initiator (in particular an organohthium initiator) may be 
functionalized by reacting the residual organometallic groups derived from the initiator 
20 with at least one suitable terminating agent or coupling agent selected, for example, 
from: imines, carbodiimides, alkyltin halides, substituted benzophenones, alkoxysilanes 
or aryloxysilanes (see, for example, European Patent EP 451,604, or Patents US 

i 

4,742,124 and US 4,550,142). 

According to one preferred embodiment, the silane coupling agent which may be 
25 used in the present invention, may be selected from sulfide silane compounds having the 
following formula (I): 

• ♦ 

♦ 

Z-Alk-Sn-Alk-Z (I) 
wherein Z is selected from the following groups: -Si(R-i) 2 (R.2)> -$1(^-1)0*2)2 a* 1 ** -SiCR^, 

* 

in which is a C r C 4 alkyl group, a cyclohexyl group or a phenyl group and R 2 is a C r 
30 C 18 alkoxy group or a C 5 -C 8 cycloalkoxy group; Alk is a divalent hydrocarbon 
containing from 1 to 18 carbon atoms and n is a number from 2 to 8. 

Specific examples of compounds having formula (I) are: 
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3,3'-bis(trimethoxysilylpropyl) disulfide, 3,3'-bis(triethoxysilylpropyl) tetrasulfide, 

* 

3,3'-bis-(triethoxysilylpropyl) octasulfide, 3,3'-bis(tri-methoxysilylpropyl) tetrasulfide, 

2,2'-bis(triethoxy-silylethyl) tetrasulfide, 3,3'-bis(trimethoxysilylpropyl) trisulfide, 

3 ,3 '-bis(triethoxysilylpropyl) trisulfide, 3 ,3 ' -bis(tributoxysilylpropyl) disulfide, 

5 3 ,3 '-bis(trimethoxy silylpropyl) hexasulfide, 3,3'-bis(trimethoxysilylpropyl) octasulfide, 

3,3'-bis(trioctoxysilylpropyl) tetrasulfide, 3,3'-bis(triethoxysilylpropyl) disulfide, 

3,3' -bis(tri-2-ethylliexoxysilylpropyl) trisulfide, 3 ,3 * -bis(triisooctoxysilylpropyl) 

tetrasulfide, * 3,3'-bis(tri-t-butoxysilylpropyl) disulfide, 

2,2'-bis(methoxydiethoxysilylethyl) tetrasulfide, 2,2'-bis(tripropoxysilylethyl) penta- 

1 0 sulfide, 3,3* -bis(Mcy clohexoxysilylpropyl) tetrasulfide, 

3,3'-bis(tricyclopentoxysnylpropyl) trisulfide, 2,2'-bis(tri-2- 

methylcyclohexoxysilylethyl) tetrasulfide, bis(trimethoxysilylmethyl) tetrasulfide, 
> . » 

3 -methoxy ethoxypropoxysilyl-3 ' -diethoxybutoxy silylpropyl tetrasulfide, 

2,2'-bis(dimethyknethoxysilylethyl) disulfide, 2,2'-bis(dimethyl-S-butoxysilylethyl) 

15 trisulfide, 3,3'-bis(methylbutylethoxysilylpropyl) tetrasulfide, 3,3'-bis(di-t- 

butylmethoxy silylpropyl) tetrasulfide; 2,2'-bis(phenylmethylmethoxysilylethyl) 

trisulfide, 3,3'-bis(diphenylisopropoxysilylpropyl) tetrasulfide, 

3 ,3 9 -bis(diphenylcy clohexoxysilylpropyl) disulfide, 

3,3'-bis(dimetihLylethylmercaptosilylpropyl) tetrasulfide, 

20 2,2 , -bis(methyldimethoxysilyle1liyl) trisulfide, 2,2 , -bis(methylethoxypropoxysilylethyl) 

tetrasulfide, 3 ,3 ' -bis(diethylmethoxysilylpropyl) tetrasulfide, 3,3' -bis(ethyldi-S- 

butoxysilylpropyl) disulfide, 3,3 '-bis(propyldiethoxysilylpropyl) disulfide, 

3,3' -bis(butyldimethoxysilylpropyl) trisulfide, 3,3' -bis(phenyldimethoxysiIylpropyl) 

* 

tetrasulfide, 3 -phenylethoxybutoxysilyl-3 ' -trimethoxy silylpropyl tetrasulfide, 
25 4,4'-bis(trimethoxysilyibutyl) tetrasulfide, 6,6'-bis(ttethoxysilylhexyl) tetrasulfide, 
12,12' -bis(triisopropoxysilyldodecyl) disulfide, 18,1 8 '-bis(trimethoxysilyloctadecyl) 
tetrasulfide, 1 8,1 8'-bis(tripropoxysilyl6ctadecenyl) tetrasulfide, 

4,4'-bis(trimethoxysilylbuten-2-yl) tetrasulfide, 4,4'-b^(trimethoxysilylcyclohexylene) 
tetrasulfide, 5,5'-bis(dimethoxymethylsilylpeatityl) trisulfide, 3,3'-bis(trimethoxysilyl-2- 
30 methylpropyl) tetrasulfide, 3,3'-bis(dimethoxyphenylsilyl-2-inethylpropyl) disulfide, or 
mixture thereof. 3,3'-bis(triethoxysilylpropyl) tetrasulfide is preferred according to the 
present invention. An example of a sulfide silane compound which may be used in the 
present invention and which is currently commercially available is the product X50S® 
from Degussa. 

35 According tcra further preferred embodiment, the silane coupling agent which - 

may be used in the present invention, may be selected from aminosilane compounds 
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having the following formula (H) : 



I 

R' 2 Si — R't 



N — R' 



6 



K (ID 



R* 3 R' 



n \ 

R' 7 



wherein: 

R'i, R' 2 and R' 3 , which may be identical or different,' are selected from hydrogen, 
5 CpCg alkoxy groups, Cx-Cis alkyl groups, Cg-C^o aryl groups, C7-C 30 alkylaryl or 
arylalkyl groups, on condition that at least one of the groups R'j, R' 2 and R' 3 represents 
an alkoxy group; 

4 

• m ■ m 

R' 4 is selected from C r C 8 alkylene groups, Q-C^o arylene groups, said arylene 
groups optionally being substituted with C r C 8 alkyl groups; 

at 

* 

10 - R' 5 and R' 7 , which may be identical or different, are selected from hydrogen, C x - 
C 18 alkyl groups; or, when R 5 and R 7 are other than hydrogen, they may form, together 
with the nitrogen atoms, to which they are attached, 5- or 6-membered heterocyclic 
rings; 

* 

R' 6 is selected' from CpC 18 alkylene groups, Cg-C^ arylene groups, arylene 
15 groups optionally substituted with C r C 18 alkyl groups, Ct-C 30 alkylenearylene or 
arylenealkylene. groups, C 3r C 30 cycloalkylene groups, said cycloalkylene groups 
optionally being substituted with C r C 18 alkyl groups; 

* 

n is a integer from 0 to 5 inclusive. 

Preferably, R' l5 R' 2 and R' 3 are C r C 3 alkoxy groups, R' 4 is a C r C^ alkylene 

i 

20 group, R' 7 is hydrogen and n is 0. 

Specific examples of aminosilanes having formula (II) are: 
2-trimethoxysUylethylaiiiine, 2-triethoxysilylethylamine, 2-tripropoxysUylethylamine, 
2-tributoxy-silylethylamine, 3 -trimethoxysUylpropylamine, 3 -tri-ethoxy- 

silylpropylamine, 3-tripropoxysHylpropylamihe, 3-triisopropoxysUylpropylaroine, 
25 3-tribtitoxysnylpropylamine, 4-trimethoxysUylbutylainine, 4-triethoxy-silylbutylam in e, 

4- MpropoxysUylbutylamine,' * -* *~ - ■ - - 4-tri^butoxysilylbutyiamine, 

* 

5- trimethoxysttylpentylamine, 5-triethoxysHylpentylamine, 5-tripropoxysilylpentyl- 



WO 2005/058615 



PCT/EP2003/014181 



- 12- 



amine, 5-tributoxysttylpentylamine, 6-trimethoxysUylhexylamine, 

6- txiethoxysilylhexylamine, 6-tripropoxy-sUylhexylamine, 6-tributoxysttylhexylamine, 

7- fri-methoxysilylheptylamine, 7-triethoxysilylheptylamine, 7-tri- 
propoxysttylheptylamine, 7-tributoxysilylheptyl-amine, 8-trimethoxysHyloctylamine, 

5 8 -txiethoxysilyl-octylamine, 8 -tripropoxysilyloctylamine, 8- Wbutoxy-silyloctylamine, 
N-(2-aminoethyl)-3 -aminopropylmethyldimethoxysilane, N-(2-aminoethyl)- 
3-aminopropyltri-methoxysilane, 1 -[3-(trimethoxysilyl)propyl]piperazine, 

■ 

N-[3 -(trimethoxysilyl)propyl]- 1 ,4-bis(3 -aminopropyl)-piperazine, N-(3 -aminopropyl)- 
3 -aminopropyltrimethoxy-silane, N-(4-aminobutyl)-3 -aminopropyltrimethoxysilane, 

1 0 N-[3-(trimethoxysttyl)propy N-[3-(trimefhoxy- 
sUyl)propyl]-4 3 4'-di-aminodiphenylmethane, N-[3-(trimethoxysilyl)propyl]- 1 ,2- 

diaminocyclohexane, N-[3-(trimethoxysilyl)propyl]- 1 ,4-diaminobutane, N-[3-(tri- 
methoxysilyl)propyl]-2,4-diaminotoluene 5 N-(2-aminoethyl)- 
N' -[3 -(trimethoxysilyl)propyl]- 1 ,3 -propanediamine, 

1 5 N-[2-[[3-(tiimethoxysilyl)propyl]amino]ethyl]-l ,3-propanediamine, N-(3-aminopropyl)- 
>f'-[3-[[3-(trimethoxysilyl)propyl]amino]propyl]- N-(2-aminoethyl)- 
N ' -[2-[ [3 -(trimethoxysilyl)propyl] amino] ethyl] - 1 , 3 -propanediamine, 
N-(3 -aminopropyl)-N 5 -[3 - [ [3 -(trimethoxy silyl)propyl] amino]propyl]- 
,,2-butanediamine, or mixture thereof. 3-Wemoxy.ly.propy.arnine is preferred 

20 according to the present invention. An example of an aminosilane compound which may 
be used in the present invention and which is currently commercially available is the 
product Dyhasylan® AMEO (A-l 100) from Sivento-Chemie. 

According to a further preferred embodiment, the silane coupling agent which 
may be used in the present invention, may be selected from vinylsilane compounds 
25 having the following formula (HI): 



RSiR' n Y 3 _ n (HI) 



wherein: 



R represents an alkenyl group or an alkenyloxy group; 
R' represents, an hydrogen atom or an alkyl group; 
30 - Y represents a hydrolizable organic group; and 



nisO, 1 or 2. 
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Specific example of alkenyl groups represented by R are: vinyl, allyl, isopropenyl, 
butenyl, ciclohexenyl, cyclopentanedienyl. 

Specific examples of akenyloxy groups represented by R are; vinyloxy, allyloxy. 

Specific examples of hydrolizable organic groups represented by Y are: methoxy, 
ethoxy, foimyloxy, acetoxy, propionyloxy, alkylamino, arylamino. 

Specific examples of alkyl group represented by R* are: methyl, ethyl, propyl, 

decyl. 

When n is 2, the R' groups may be the same or different 

Specific example of vinylsilane compounds having formula (III) are: 
vinyltrimethoxysilane, vinyl-triethoxysilane, vinyltriacetoxysilane, vynildimethoxy- 
methylsilane, vinyldiethoxymethylsilane, vinylmethoxy-dimethylsilane, 

vinylethoxydimethylsilane, their oligomers, or mixture thereof. OUgomeric vinyl- 
triethoxysilane is preferred according to the present invention. An example of an 
oligomeric vinylsilane compound which may be used in the present invention and which 
is currently commercially available is the product Dynasylan® 6498 from Sivento- 
Chemie. 

According to a further preferred embodiment, the silane coupling agent which 
may be used in the present invention, may be selected from mercaptosilane compounds 
having the following formula (TV): 



/ 

HS R— Si (IV) 

\ „ 

R "3-n 



wherein: 



X represents an halogen atom selected from chlorine, bromine, iodine, fluorine, 
preferably chlorine, a Cj-Cg alkoxy group; 

Ra represents a C x -C 10 alkylene group; 

' * -~ trJ " ■ t ft. « " « ^ m m M±± „ * — - - 

R" represents a C r C3 0 alkyl group, a C 7 -C3 0 alkylaryl or arylalkyl group, a C 5 -C 30 
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cycloaliphatic group, a C 6 -C2 0 aromatic group; 
n is an integer from 1 to 3 inclusive. 

Preferably X represents a C r C 3 alkoxy group, represents a C r C 3 alkylene 
group, and n is 3. 

5 Specific example of mercaptosilane compounds having formula (IV) are: 1- 

m©rcaptometiiyltriethoxysilane, 2-mercaptoethyltriethoxysilane, 3 -mercaptopropyltri- 
methoxysilane, 3 -mercaptopropyltriethoxysilane, 3- 

mercaptopropylmethyldiethoxysilane, or mixture thereof. 3- 

mercaptopropyltrimethoxysilane is preferred according to the present invention. An 
1 0 example of a mercaptosilane compound which may be used in the present invention and 
which is currently commercially available is the product VP Si® 163 from Degussa. 

According to a further preferred embodiment, the silane coupling agent which 
may be used in the present invention, may be selected from epoxysilane compounds 
such as, for example, 3-glycidyloxypropyltrimethoxysilane, 3- 

15 glycidyloxypropylmethyldimethoxysilane, 2-(3,4 
epoxycyclohexyl)ethyltrimethoxysilane, or mixture thereof. 3- 

glytidyloxypropyltrimethoxysilane is preferred according to the present invention. An 
example of an epoxysilane compound which may be used in the present invention and 
which is currently commercially available is the product Dynasylan® GLYMO (A 1 87) 

20 from Sivento-Chemie. 

According to one preferred embodiment, the vulcanized rubber in a subdivided 
form is surface treated with an amount of at least one silane coupling agent of from 
0.1% by weight to 5% by weight, preferably from 0.2% by weight to 3% by weight, said 
amount being expressed with respect to the total weight of the vulcanized rubber in a 
25 subdivided form + the silane coupling agent. 

Preferably, the surface treatment of the vulcanized rubber in a subdivided form 

may be carried out in a mixing device known in the art suph as, for example, a ribbon 

* 

blender or a turbo-mixer. 

According to one preferred embodiment, the sulfur-based vulcanizing agent may 

30 be selected from sulfur or derivatives thereof such as, for example: 

* - - - ■ ... 

- soluble sulfur (crystalline sulfur); 
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- insoluble sulfur (polymeric sulfur); 

- sulfur dispersed in oil (for example a dispersion of 33% sulfur in oil known tinder the 
trade name Crystex® OT33 from Flexsys); 

- sulfur donors such as, for example, tetramethylthiuram disulfide (TMTD), 
5 tetrabenzylthiuram disulfide (TBzTD), tetraethylthiuram disulfide (TETD); 

tetrabutylthiuram disulfide (TBTD), dimethyldiphenylthiuram disulfide (MPTD), 
pentamethylenethiuram tetrasulfide or hexasulfide (DPTT), morpholinobenzothiazole 
disulfide (MBSS), N-oxydiethyleneditMocarbamyl-N'-oxydiethylene-sulphenamide 
(OTOS), dithiodimorpholine (DIM or DTDM), caprolactam disulfide (CLD). 

10 Said sulfur-based vulcanizing agent is present in the crosslinkable elastomeric 

composition of the present invention in an amount generally of from 0.5 phr to 5 phr, 
preferably from 1 phr to 3 phr. 

At least one reinforcing filler may be advantageously added to the crosslinkable 
elastomeric composition of the present invention, in an amount generally of from 0.1 
15 phr to 120 phr, preferably from 20 phr to 90 phr. The reinforcing filler may be selected 
from those commonly used for crosslinked manufactured products, in particular for 
tires, such as, for example, carbon black, silica, alumina, aluminosilicates, calcium 
carbonate, kaolin, or mixtures thereof. 

The types of carbon black which may be used in the present invention may be 
20 selected from those conventionally used in the production of tires, generally having a 
surface area of not less than 20 m 2 /g (determined by CTAB absorption as described in 
Standard ISO 6810:1995). 

■ 

- The silica which may be used in the present invention may be, generally, a 
pyrogenic silica or, preferably, a precipitated silica, with a BET surface area (measured 
25 according to Standard ISO standard 5794-1:1994) of from 50 m 2 /g to 500 m 2 /g, 
preferably from 70 m 2 /g to 200 m 2 /g. 

When a reinforcing filler comprising silica is present, the crosslinkable 
elastomeric composition may advantageously incorporate a silica coupling agent 
capable of interacting with the silica and of linking it to the elastomeric base during the 
30 vulcanization. 

Silica coupling agents that are preferably used are those based on silane which 
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have been already disclosed above. Among the silica coupling agents that are 
particularly preferred are bis(3-triethoxysilylpropyl) tetrasulfide and bis(3- 
triethoxysilylpropyl) disulfide. Said coupling agents may be used as such or as a 
suitable mixture with an inert filler (for example carbon black) so as to facilitate their 
5 incorporation into the crosslinkable elastomeric composition. 

Preferably, when silica is present, the vulcanized rubber in subdivided form is 
surface pre-treated with the coupling agent according to the present invention, i.e. the 
vulcanized rubber in subdivided form is treated with the coupling agent before 
combining it with the silica-containing elastomeric composition. In that way, possible 
1 0 competitive interactions between the coupling agent and the silica are avoided, so as to 
provide an effective amount of coupling agent on the surface of the vulcanized rubber. 

The crosslinkable elastomeric composition of the present invention may be 
vulcanized according to known techniques. To this end, in the composition, after a first 
stage of thermal-mechanical processing, a sulfur-based vulcanizing agent is 
15 incorporated together with vulcanization accelerators and activators. In this second 
processing stage, the temperature is generally kept below 1 20°C and preferably below 
100°C, so as to avoid any unwanted pre-crosslinking phenomena. 

Activators that are particularly effective are zinc compounds, and in particular 
ZnO, ZnC0 3 , zinc salts of saturated or unsaturated fatty acids <x>ntaining from 8 to 1 8 
20 carbon atoms, such as, for example, zinc stearate, which are preferably formed in situ in 
the elastomeric composition from ZnO and fatty acid, and also BiO, PbO, Pb 3 0 4 , Pb0 2 , 

or mixtures thereof 

•» 

Accelerators that are commonly used may be selected from: dithiocarbamates, 
guanidine, thiourea, thiazoles, sulfenamides, thiurams, amines, xanthates, or mixtures 
25 thereof. 

• * 

The crosslinkable elastomeric composition apcording to the present invention may 
comprise other commonly used additives selected on the basis of the specific 
application for which the composition is intended. For example, the following may be 
added to said composition: antioxidants, anti-aging agents, plasticizers, adhesives, anti- 
30 ozone agents, modifying resins, fibers (for example Kevlar® pulp), or mixtures thereof. 

In particular, for the purpose of further improving the processability, a plasticizer 
generally selected from mineral oils, vegetable oils, synthetic oils, or mixtures thereof 
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such as, for example, aromatic oil, naphthenic oil, phthalates, soybean oil, or mixtures 
thereof, may be added to the crosslinkable elastomeric composition according to the 
present invention. The amount of plasticizer generally ranges from 2 phr to 100 phr, 
preferably from 5 phr to 50 phr. 

5 The crosslinkable elastomeric composition according to the present invention may 

be prepared by mixing together the polymeric components, the surface treated 
vulcanized rubber in a subdivided form and the sulfur-based vulcanizing agent, with the 
reinforcing filler optionally present and with the other additives according to techniques 
known in the art. The mixing may be carried out, for example, using an open mixer of 
1 0 open-mill type, or an internal mixer of the type with tangential rotors (Banbury) or with 
interlocking rotors (Intermix), or in continuous mixers of Ko-Kneader type (Buss) or of 
co-rotating or counter-rotating twin-screw type. 

Brief description of the drawing 

The present invention will now be illustrated in further detail by means of an 
1 5 illustrative embodiment, with reference to the attached Fig. 1, which is a view in cross 
section of a portion of a tire made according to the invention. 

"a" indicates an axial direction and "r" indicates a radial direction. For simplicity, 
Fig. 1 shows only a portion of the tire, the remaining portion not represented being 
identical and symmetrically arranged with respect to the radial direction "r". 

20 Detailed description of the preferred embodiments 

The tire (100) comprises at least one carcass ply (101), the opposite lateral edges 
of which are associated with respective bead wires (102). The association between the 
carcass ply (101) and the bead wires (102) is achieved here by folding back the opposite 
lateral edges of the carcass ply (101) around the bead wires (102) so as to form the so- 
25 called carcass back-folds (101a) as shown in Fig. 1. 

Alternatively, the conventional bead wires (102) can be replaced with a pair of 
annular inserts formed from elongate components arranged in concentric coils (not 
represented in Fig. 1) (see, for example, European Patent Applications EP 928,680 and 
EP 928,702). In this case, the carcass ply (101) is not back-folded around said annular 
30 inserts, the coupling being provided by a second carcass ply (not represented in Fig. 1) 
applied externally over the first v 
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The carcass ply (101) generally consists of a plurality of reinforcing cords . 
arranged parallel to each other and at least partially coated with a layer of elastomeric 
compound. These reinforcing cords are usually made of textile fibers, for example 
rayon, nylon or polyethylene terephthalate, or of steel wires stranded together, coated 
5 with a metal alloy (for example copper/zinc, zinc/manganese, zinc/molybdenum/cobalt 
alloys, and the like). 

The carcass ply (101) is usually of radial type, i.e. it incorporates reinforcing cords 
arranged in a substantially perpendicular direction relative to a circumferential direction. 
Each bead wire (102) is enclosed in a bead (103), defined along an inner circumferential 
10 edge of the tire (100), with which the tire engages on a rim (not represented in Fig. 1) 
forming part of a vehicle wheel. The space defined by each carcass back-fold (101a) 
contains a bead filler (104) wherein the bead wires (102) are embedded. An antiabrasive 
strip (105) is usually placed in an axially external position relative to the carcass back- 
fold (101a). 

15 A belt structure (106) is applied along the circumference of the carcass ply (101). 

In the particular embodiment in Fig. 1, the belt structure (106) comprises two belt strips 
(106a, 106b) which incorporate a plurality of reinforcing cords, typically metal cords, 
which are parallel to each other in each strip and intersecting with respect to the adjacent 
strip, - oriented so as to form a predetermined angle relative to a circumferential 

20 direction. On the radially outermost belt strip (106b) may optionally be applied at least 
one zero-degree reinforcing layer (106c), commonly known as a "0° belt", which 
generally incorporates a plurality of reinforcing cords, typically textile cords, arranged 
at an angle of a few degrees relative to a circumferential direction, and coated and 
welded together by means of an elastomeric material. 

25 A side wall (108) is also applied externally onto the carcass ply (101), this side 

wall extending, in an axially external position, from the bead (103) to the end of the belt 
structure (106). 

A tread band (109), whose lateral edges are connected to the side walls (108), is 
applied circumferentially in a position radially external to the belt structure (106). 
30 Externally, the tread band (109), which may comprise the crosslinkable composition 
according to the present invention, has a rolling surface (109a) designed to come into 
contact with the ground. Circumferential grooves which are connected by transverse 
notches (not represented in Fig. 1) so as to define a-plurality of blocks of various shapes- 
and sizes distributed over the rolling surface (109a) are generally made in this surface 
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(109a), which is represented for simplicity in Fig. 1 as being smooth. 

* 

A strip made of elastomeric material (110), cxxmmonly known as a "mini-side 
wall", may optionally be present in the connecting zone between the side walls (108) 
and the tread band (109), this mini-side wall generally being obtained by co-extrusion 
5 with the tread band and allowing an improvement in the mechanical interaction between 
the tread band (109) and the side walls (108). Alternatively, the end portion of the side 
wall (108) directly covers the lateral edge of the tread band (109). 

A layer of elastomeric material (1 1 1) which serves as an "attachment sheet", i.e. a 
sheet capable of providing the connection between the tread band (109) and the belt 
1 0 structure (106), may be placed between the tread band (1 09) and the belt structure (106). 

In the case of tubeless tires, a rubber layer (112) generally known as a "liner", 
which provides the necessary impermeability to the inflation air of the tire, may also be 
provided in a radially internal position relative to the carcass ply (101). 

The process for producing the tire according to the present invention may be 
1 5 carried out according to techniques and using apparatus that are known in the art, as 
described, for example, in European Patent EP 199,064 and in Patents US 4,872,822, 
US 4,768,937, said process including at least one stage of manufacturing the green tire 
and at least one stage of vulcanizing this tire. 

More particularly, the process for producing the tire comprises the stages of 
20 preparing, beforehand and separately from each other, a series of semi-finished products 
corresponding to the various structural elements of the tire (carcass plies, belt structure, 
bead wires, fillers, sidewalls and tread band) which are then combined together using a 
suitable manufacturing machine. Next, the subsequent vulcanization . stage welds the 
above mentioned semi-finished products together to give a monolithic block, i.e. the 
25 finished tire. 

The stage of preparing the above mentioned semi-finished products will be 
preceded by a stage of preparing and molding the various blends, of which said semi- 
finished products are made, according to conventional techniques. 

The green tire thus obtained is then passed to the subsequent stages of molding 
30 and vulcanization. To this end, a vulcanization mold is used which is designed to 
receive the tire being processed inside a^molding cavity haying walls which are 
countermolded to define the outer surface of the tire when the vulcanization is complete. 
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Altemative processes for producing, a tire or parts of a tire without using semi- 
finished products are disclosed, for example, in the above mentioned Patent 
Applications EP 928,680 and EP 928,702. 

.The green tire can be molded by introducing a pressurized fluid into the space 
5 defined by the inner surface of the tire, so as to press the outer surface of the green tire 
against the walls of the molding cavity. In one of the molding methods widely practiced, 
a vulcanization chamber made of elastomeric material, filled with steam and/or another 
fluid under pressure, is inflated inside the tire closed inside the molding cavity. In this 
way, the green tire is pushed against the inner walls of the molding cavity, thus 

1 0 obtaining the desired molding. Alternatively, the molding may be carried out without an 
inflatable vulcanization chamber, by providing inside the tire a toroidal metal support 
shaped according to the configuration of the inner surface of the tire to be obtained as 
described, for example, in European Patent EP 242,840. The difference in coefficient of 
thermal expansion between the toroidal metal support and the crude elastomeric 

1 5 material is exploited to achieve an adequate molding pressure. 

At this point, the stage of vulcanizing the crude elastomeric material present in the 
tire is carried out. To this end, the outer wall of the vulcanization mold is placed in 
contact with a heating fluid (generally steam) such that the outer wall reaches a 
maximum temperature generally of between 100°C and 230°C. Simultaneously, the 

20 inner surface of the tire is heated to the vulcanization temperature using the same 
pressurized fluid used to press the tire against the walls of the molding cavity, heated to 
a maximum temperature of between 100°C and 250°C. The time required to obtain a 
satisfactory degree pf vulcanization throughout the mass of the elastomeric material 
may vary in general between 3 min and 90 min and depends mainly on the dimensions 

25 of the tire. When the vulcanization is complete, the tire is removed from the 
vulcanization mold. 

Although the present invention has been illustrated specifically in relation to a 
tire, other crosslinked elastomeric manufactured products that may be produced 

« 

according to the invention may be, for example, belts such as, conveyor belts, power 
30 belts or driving belts; flooring and footpaths which may be used for recreational area, 
for industrial area, for sport or safety surfaces; flooring tiles; mats such as, anti-static 
computer mats, automotive floor mats; mounting pads; shock absorbers sheetings; 
sound barriers; membrane protections; shoe soles; carpet underlay; automotive bumpers; 
wheel arch liner;' seals such as, automotive door or window seals; o-rings; gaskets; 
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watering systems; pipes "or hoses materials; flower pots; building blocks; roofing 
materials; geomembranes; and the like. 

The present invention will be further illustrated below by means of a number of 
preparation examples, which are given for purely indicative purposes and without any 
5 limitation of this invention. 

EXAMPLES 1-2 

Surface treatment of the vulcanized rubber in a subdivided form 

Mechanically ground waste rubber was treated according to the following 
procedure. Table 1 discloses the amount of the various component in parts by weight 
1 0 with respect to 100 parts by weight of ground waste rubber as such. 



TABLE 1 



EXAMPLE 


1 


2 


Vulcanized rubber 


100 


100 


Dynasylan® 6498 


0.50 




TESPT 




0.50 



I 



Vulcanized rubber:mechanically ground waste rubber from scrap tires (<0.425 mm (40 
mesh) - Somir); 

Dynasylan® 6498: oligomeric vinyltriethoxysilane (Degussa); 

15 TESPT: 3,3'-bis(triethoxysilylpropyl) tetrasulfide (X50S® comprising 

50% carbon black and 50% silane, from Degussa). 

The mechanically ground waste rubber was charged into a laboratory turbo-mixer 
(BF srl Engineering) and was maintained under stirring. As soon as the temperature 
reached 80°C, the silane compound was added and the obtained mixture was stirred for 
20 10 min. The obtained compound was cooled at 35°C and was discharged. 

EXAMPLES 3-6 

Preparation of the crosslinkable elastomeric compositions 
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The crosslinkable elastomeric compositions given in Table 2 were prepared as 
follows (the amounts of the various components are given in phr). 

All the ingredients, except for the sulfur and the accelerators, were mixed together 
in an internal mixer (model Pomini PL L6) for about 5 min (1st Step). As soon as the 
temperature reached 145±5°C, the elastomeric composition was discharged The sulfur 
and the accelerators were then added and mixing was carried out in an open roll mixer 
(2nd Step). 



TABLE 2 



EXAMPLE 


3(*) 


4(*) 


5 


6 


1 st STEP 

• • 


E-SBR1712 


80 


80 


80 


80 


E-SBR1500 


20 


20 


20 


20 


Silica 


20 


20 


20 


20 


TESPT 


3.20 


3.20 

• 


3.20 


3.20 


Carbon Black 


45 


45 


45 


45 


Vulcanized rubber (1) 




20 






Vulcanized rubber (2) (Example 1) 


• 




20 




Vulcanized rubber^ (Example 2) 


r 






20 


Stearic acid 


• 

2 


2 


2 


2 


Zinc oxide 


« 

1 


1 


1 


1 


Antioxidant 


3 


3 


3 


3 


2 nd STEP 


CBS 


0.75 


0.75 


0.75 


0.75 


MBTS 


2 


2 


2 


2 


. . . Sulfur .. 


1 


1 . 


1 


. 1 
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(*): comparative. 

* * 

E-SBR1712: styrene/butadiene copolymer, obtained by emulsion polymerization, 
containing 23.5% by weight of styrene, extended with 37.5 phr of oil (Europrene® 1712 
- Polimeri Europa); 

5 E-SBR1500: styrene/butadiene copolymer, obtained by emulsion polymerization, 
containing 23.5% by weight of styrene (Europrene® 1500 - Polimeri Europa); 

Silica: precipitated silica (Zeosil® 1165 MP - Rhone-Poulenc); 

TESPT: 3,3'-bis(triethoxysilylpropyl) tetrasulfide (X50S® comprising 50% 
carbon black and 50% silane, from Degussa); 

■ 

1 0 Carbon Black: N3 75 (Vulcan® J - Cabot Corporation); 

Vulcanized rubber (,) : mechanically ground waste rubber from scrap tires (<0.425 mm 
(40 mesh) - Somir); 

Vulcanized rubber (2) : surface treated ground waste rubber obtained in Example 1 ; 

Vulcanized rubber (3) : surface treated ground waste rubber obtained in Example 2; 

15 Antioxidant: N-l,3-dimethylbutyl-N'-p-phenylene-^iainine (Vulkanox® 4020 
Bayer); 

CBS (accelerator):N-cyclohexyl-2-benzolWazyl-sulphenamide (Vulkacit® CZ - Bayer); 

- 

MBTS (accelerator): dibenzothiazyl disulfide (Vulkacit® DM - Bayer). 

The Mooney viscosity ML(l+4) at 100°C was measured, according to Standard 
20 ISO 289-1 :1994, on the non-crosslinked elastomeric compositions obtained as described 
above. The results are given in Table 3 . 

9 

The above mentioned elastomeric compositions were subjected to MDR 
rheometric analysis using a Monsanto MDR rheometer, the tests being carried out at 
170°C for 30 minutes at an oscillation frequency of 1.66 Hz (100 oscillations per 
25 minute) and an oscillation amplitude of ±0.5°. 

The static mechanical properties were measured on samples of the above 
meationed elastomeric compositions vulcanized at 170°C for 10 min, according to 
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Standard ISO 37:1994. The obtained results are given in Table 3. 

Lastly the DIN abrasion values were measured according to Standard DIN 53516, 
also reported in Table 3, expressed as the amount of compound removed. 

Table 3, also shows the percentage variation (D%) of the stress at break values 
5 and of the tensile modulus at 300% elongation (300% Modulus) values of the 
elastomeric composition of the present invention (Examples 5-6) and of the elastomeric 
composition wherein no-surface treated ground waste vulcanized rubber was added 
(Example 3) with respect to the elastomeric composition wherein no ground waste 
vulcanized rubber was added (Example 4). 

10 TABLE 3 



EXAMPLE 


3(*) 


4(*) 


5 


6 


Mooney viscosity ML(l+4) 


71.5 


68.8 


72.8 


68.6 


MDR (30 min at 170°C) 


MH (min) 


53.0 


38.47 


44.73 


45.67 


T90 (min) 


5.13 


6.41 


5.55 


5.29 


MECHANICAL PROPERTIES 


Stress at break (MPa) 


18 


14.65 


.15.86 


16.13 


Stress at break (D%) 




-19 


-12 


-10 


100% Modulus (MPa) 


2.71 


1.87 


2.21 


2.17 


200% Modulus (MPa) 


7.00 


4.38 


5.28 


5.28 


300% Modulus (MPa) 


11.7 


8.24 


9.75 


9.96 


300% Modulus (D%) 




-30 


-17 


-15 


Elongation at break (%) 


480 


486 


465 


453 


DIN abrasion (mm ) 


84.5 


101.7 


93.1 


86.5 



(*): comparative. 
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EXAMPLES 7-8 

m 

Surface treatment of the vulcanized rubber in a subdivided form 

Mechanically ground waste rubber was treated according to the procedure 
disclosed in Examples 1-2. Table 4 discloses the amount of the various component in 
parts by weight with respect to 100 parts by weigiht of ground waste rubber as such. 



TABLE 4 



EXAMPLE 


7 


8 


Vulcanized rubber 


100 


100 


TESPT 


1.00 


5.00 



Vulcanized rubbenmechanically ground waste rubber from scrap tires (<0.425 mm (40 
mesh) - Somir); 

TESPT: 3,3 9 bis(triethoxysilylpropyl) tetrasulfide (X50S® comprising 50% 
carbon black and 50% silane, from Degussa). 

EXAMPLES 9-12 

Preparation of the crosslinkable elastomeric compositions 

The crosslinkable elastomeric compositions given in Table 5 were prepared as 
disclosed in Examples 3-6Xthe amounts of the various components are given in phr). 
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EXAMPLE 


9( *) 


10(*) 


11 


12 


1 st STEP 


NR. 


80 

XX XX 


• 80 

V vx 


80 


80 


BR 


20 

xx 


20 


20 


20 


Carbon Black 


60 


60 


60 


60 


Vulcanized rubber^ 




18 

«B- Vx 






Vulcanized rubber^ 2 * 
(Example 7) 






18 

• 




« 

Vulcanized rubber (3) 
(Example 8) . 








18 


TESPT 










- Aromatic oil 


10 


10 


10 


10 


Stearic acid 


1.50 


1.50 


1.50 


1.50 


Zinc oxide 


3.50 


3.50 


3.50 


3.50 


Antioxidant 


1 


1 


1 


1 


2 nd STEP 

• 


TBBS 


0.70 


0.70 


0.70 


0.70 


Sulfur 


. 2.40 


2.40 


2.40 


2.40 



(*): comparative. 
NR: natural rubber, 

BR: cis-1 ,4-polybutadiene (Europrene® BR 40 - EniChem Elastomeri); 
Carbon Black: N375 (Vulcan® J - Cabot Corporation); 



Vulcanized rubber : mechanically ground waste rubber from scrap' tires (<0.425 
mm (40 mesh) - Somir); 
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Vulcanized rubber^: surface treated ground waste rubber obtained in Example 7; 

Vulcanized rubber (3) : surface treated ground waste rubber obtained in Example 8; 

TESPT: 3,3'-bis(triethoxysilylpropyl) tetrasulfide (X50S® comprising 50% 
carbon black and 50% silane, from Degussa — the amount reported is relative to the 

• • • 

5 amount of silane); 

Antioxidant: 2,2 3 4-trimethyl-l 3 2-dihydroquinoline, polymerized (Vulkanox® HS - 
Bayer); 

TBBS (accelerator): N-t-Butyl-2-benzothiazil-sulphenamide (Vulkacit® NZ from 

* 

Bayer). 

10 The Mooney viscosity ML(l+4) at 100°C was measured, according to Standard 

*» 

ISO 289-1:1994, on the non-crosslinked elastomeric compositions obtained as described 
above. The results are given in Table 6. 

The above mentioned elastomeric compositions were subjected to MDR 
rheometric analysis using a Monsanto MDR rheometer, the tests being carried out at 
15 170°C for 30 minutes at an oscillation frequency of 1.66 Hz (100 oscillations per 
minute) and an oscillation amplitude of ±0.5°. 

The static mechanical properties were measured on samples of the above 
mentioned elastomeric compositions vulcanized at 170°C for 10 min, according to 
Standard ISO 37:1994. The obtained results are given in Table 6. 

■ 

20 Table 6, also shows the percentage variation (D%) of the stress at break values 

and of the tensile modulus at 300% elongation (300% Modulus) values of the 
elastomeric composition of the present invention (Examples 11-12) and of the 
elastomeric composition wherein no-surface treated ground waste vulcanized rubber 
was added (Example 10 and Example 13) with respect to the elastomeric composition 

25 wherein no ground waste vulcanized rubber was added (Example 9). 



« 
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TABLE6 



EXAMPLE 


9(*) 


10(*) 


11 


12 

» 


Mooney viscosity 
ML(l+4) 


75.5 


83.8 


78.2 


78.4 


MDR (30 min at 170°C) 


MH (min) 


_ 59.54 


55.26 

• 


54.53 


5.52 


T90 (min) 


4.33 


4.43 


4.38 


4.28 


MECHANICAL PROPERTIES 


Stress at break (MPa) 


10.40 


6.90 


9.18 


9.87 


Stress at break (D%) 




-33.65 


-11.70 


-5.0 


300% Modulus (MPa) 


7.32 


5.67 


6.82 


7.99 


300% Modulus (D%) 




-22.50 


-6.8 


-9.15 


Elongation at break (%) 


377 


347 


365 


344 



(*): comparative. 



